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- SUBSYSTEM: -ELECTRICAL POWER SENERATION - CRYQ, GENERIC

CRITICALITY OF THIS
ITEM MAME: CHECK VALVE :Lf) FATLLRF MOCE:1R3
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FATLURE MODE:
FAILS OPEN QR INTERHAL LEAKAGE

MISSIDK PHASE:

LQ LIFT-0FF
cI ON-ORAIT
nx} Jr-OREIT
L3 LANDING 3~F [NG

VEXICLE/PAYLOAD/KIT EFFECTIVITY: 102  COLUMBIA
103 DISCOVERY
104 ATLANTIS
105 ENDEAVCLR

CAUSE:
CONTAMINATION, CORROSION

ERITIE@LIT? 1/1 DURING IMTALT ABURT DMLY? NGO
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REDUNDANCY SCREEM A) PASS
B) FAIL
- L) PASS

PASS/FAIL RATIORALE:
A)

B)
FAILURE MODE [3 NOT DETECTABLE DURING FLIGHT SINCE CHECK VALVE IS
RORMALLY OFEN QURING SYSTEM OPERATION,

(A) SUBSYSTEM:
NO EFFECT AFTER FIRST FAILURE. FAILED COKDITION WOULO MOT BE DETECTED
CURING KORMAL SYSTEM OPERATION.
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FAILURE WODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE
MUXBER: H4-1BG-CY010-01

m (8) INTERFACING SUBSYSTEM{S):
SAME A3 {4)

B (C) MISSIOH:
JAME AS (A)

a (D) CREW, YENICLE, AND ELEMENT(S):
SAME AS {A)

s (E} FUNCTIONAL CRITICALITY EFFECTS:
FUHCTIONAL CRITICALITY EFFZETS - AN ADIITIONAL FATLURE &F ~HE
RS30TIATED TANK 3EL[EF VALYE, FATLING CBEN, M&Y RESULT [y L0SS of
STSTEM FRESSURE i7 SUTH MANIFOLD ISGLATICN ALYES FAIL 7O CLOSE. LOSS
CF SYSTEM FRESSURE RESULTS IN LOSS OF ALL THREE FUEL CELL POWERPLANTS
(LSS OF CREW/VEHICLE).
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a (A) DESIGN: _
yaLVE PROTECTED AGAINST CONTAMINATIGH BY A 12 MICRON ABSOLUTE FILTZR
LPSTREAM OF VALVE AND A 45 MICRON ABSOLUTE FILTER SCREEN I[N VALVE.
VALVE 1S CONSTRUCTED OF CORROSION RESISTANT MATERIALS (3C4L, 304 COND.
3, RC 55 ELGILOY).

a (8) TEST: .
QUALIFICATION TEST [KCLUDED THEPMAL/CFERATING LIFE CYCLE TESTING (300K
CYCLES) WITH NO EVIDENCE OF CHATTER, EXCESSIVE WEAR, CONTAMINATION, OR
CPTRATICNAL DEGRAQATION. -

ACCEPTANCE TEST VERIFIES CRACKENG PRESSURES ARE WITHIN LIMITS (3 +2/-0
P3E) TGLERANCE AND PRESSURE DRUP OCES NOT EXCEED 7.5 ASI AT MAXTHMUM
SYS3TEM FLOW RATES, VALYE VERIFIED CLEAMED TO LEVEL 2004 BY PARTICLE
COUNT AND NON-VQLATILE RESIOUE (NVR). WALVE OPERATION IS FURTHER
WERIFIED CURING PANEL MOOULAR ASSEMELY AHD SUBSYSTEM CHECKOUT.

CMESD: CHECK YALYE OPERATION VERIFIED IN-FLIGHT,

a (L) INSPECYTON;:
RECEIVING INSPECTION
MATERIAL CERTIFICATIONS ANO TEST REPORTS ARE REVIEWED TO VERIZY THAT
MATIRIAL COMPUSITION, OIMENSIONS, AKD SURFACE CONOGITIONS COMPLY WITH
DESIGH REQUIREMENTS.

COHTAMINATION CONTROL
ACTOMPLISHMENT OF PREASSEMBLY CLEANING, VAPDR CEGREASING, AND
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FATLURE MODES EFFECTS AMALYSIS (FKEA) -- CRITICAL FATLURE MOOE .
KUMBER! HA-1RS-C¥010-0]

ULTRASINIC CLEANING I3 YERIFIED. PIECE P&RT LEEAMLINESS [S CERTIFIED
"0 LEVEL Z00A (MAOLLQ-301) EY A& NVR AND PARTICLE COUNT (80 ML FLUSH
THRJYGH A MILLIPORE FILTER). COMPONENT ASSEMBLY, PACKAGING, AND
SUBSEQUENT SUBASSEMBLY INSTALLATION ABE ACCIMPLISHED [N 100,000 GLASS
CLCAMROCHM ENYIROHMMENTS. COMPLETED ASSEMELY IS5 VERIFIED TO LEYEL 2004,

CRITICAL PROCESSES

ELECTRON BEAM WELDS ARE INSPECTED FOR DEFECTS UMDER 10X WISUAL
EXAMINATION QURING COMPONENT ASSEMELY. INDUCTION BRAZING 5§
rADIDGRAPHICALLY TMSPECTED DURING MOOULAR ASSEMBLY.

a (D) FAILURE HISTORY:
(iR 50, A4365-010 SLPPLIER, QUALIFICATIGN
CURING A CHECK VALVE POST VIBRATIGN LEAK CRECK, OUT OF SPECIFICATION
LEAKAGE WAS DETECTED IN THE CHECKED OIAECTION. LEAKAGE WAS CAUSED BY
SEVERE WESR AT THE POPPET/VALVE HOUSING INTERFACE JUE TO THE
INTRODUCTION OF SECONDARY CSCILLATING VIBRATIONS. THE WEAR WAS
AGGRAVATED BY THE PRESENCE CF EXCESS PARTICULATE CONTAMIKATION HITHIN
THE TEST SETUP, THE SECONDARY OSCILLATIONS XERE DETERMINZD To BE
SEUSETD BY AN INAGEQUATE TEST SET-UP.
CORRECTIVE ACTIOR INCLUDED REDUCING THE VIBRATICH TEST LEVEL
SRECIFICATION FROM 0.4 G SQ/HZ T0 0.1 G SQ/HZ (THE APPRCORIATE LEVEL AS
SPECIFIED ¥ MFOO04-014 FGR ZONE VIBRATION REQUIREMENTS) AND REVISING .
T4E QUALIFIZATION TEST PROCEDURE TO INCLUCE: ADDING A KEWERSE FLOW
CHECK AFTER EACH AXS OF RAMDOM VIBRATION, REVISING THE TEST SET-UP AND
FIXTURES TO PRECLUDE INTRODUCTION OF SECONGARY OSCILLATING VISAATICNS
AND TO PROVIJE PUSITIVE FILTER PROTECTICN OF TEST SRECIMEN.

CAR WO. ACO124-010 XSC, Qv-102, SROURD CHECK

QUT CF SPECIFICATION LOSS QF MAHIFOLD PRESSURE WAS QETECTED CURING
dv-102 SUBSYSTEM CHECKOUT. LEARAGE WAS ISOUATED TQ THE MANIFOLD RELIEF
VALVE AND/OR CHECK VALVE. LEAKAGE COULD HOT BE [SOLATED TO EITHER THE
RELIEF VALVE OR CHECK VALVE SINCE THE COMPQMENTS ARE INSTALLED IN
PARALLEL.  THIS LEAKAGE FELL WITHIN SPECIFICATION WITH FURTFER
OPERATION WHICH PROMPTED MOMITORING GF SYSTEM PERFIRMANCE WITH FURTHER
JSE.  THE LEAKAGE WAS SUSPECTED TO BE CAUSED BY A CONTAMINANT WHICH
CLEARED [ITSELF WITH SUBSEQGUENT USE.

CAR NO. AC1281-Q10 xSC, OV-102, GROUND CHECK

JURING 0¥-102 SUBSYSTEM CHECKOUT, THE H2 CHECK VALVE ASSCCIATED WITH
TARK SET #3, EXHIBITED QUT OF SPECIFICATION LEAKAGE IN THE CHECKED
OIRECTION. DISASSEMBLY REVEALED CORROSION ON THE PGPPET, SEAT, AND
GALLING BETWEEN THE POPPET AND GUIDE. THE CAUSE OF LEAKAGE WAS
ATTRIBUTED TQ CONTAMINATION, AS A RESULT OF FLUSHING OPERATICNS AFTER
REPEATED BRAZING (3 TOTAL, MARIMUM ALLOWABLE BRAZES IS 8) AND FLUSHING
JFERATIONS, '

CORRECTIVE ACTION INCLUDED REVISING EQ vE44-45a3009, BOL,
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AHD 59 wEBEEI-43d01G, an3 0 EUIM[NATE FAEDR FLUSHING, TUBING IS
SNOIVIILALLY CLEZNED AND BRAZING [S GONE WITHIN “wBEAH ROOM (F3IEDH
FLLEMING NOT SREQUISED AFTER ERAZING),

m (£} OPERATICNAL USE:
HO CRE4 ALTIC SFTER FAILURE. (REW WCULD ATTEMPT T ISOLATT fLgSIrLENT
TAMK LZAK &v CLOSING MENIFOLD WALYE.

e A T E E . - m - -—— -._._-_—.-.....-.-..__-.-..__--—.---.-.--_-—.-.-.--._.___-..._____.__._..__ - —

----------------------------------------------------------------------------

" [y - -— - ! ;I __' o _-'r
RELIILITY ENGINEIRING: Y. [, wEST c A D) PO e
TERIZN ENGINTERTYG D M. M. SCFDITIN R A A TR
GLALITY MaNAGER 2 0. J. BUTTHER -

HASA RZLIARILITY :
NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE -

Ms-1B8G - L35



